To investigate the effect of chronic exposure to a bright, luminous environment, starting at the opening of the eyes, on the retinal structure and function of the suckling rat. METHODS. Juvenile Sprague-Dawley rats were exposed to 10,000 lux, for varying lengths of time between postnatal day (P)14 and P34. Results were compared with those obtained from adult rats exposed to the same light intensity and for the same duration. Electroretinograms (ERGs) were recorded at 1 month and 2 months of age, after which the retinas were harvested for histologic analysis. RESULTS. In juvenile rats, the severity of light-induced retinopathy (LIR) depended not only on the duration of the exposure but, more important, on the age of the rat at the onset of exposure. For example, in adult rats, 6-day exposure reduced the thickness of the outer nuclear layer (ONL) to less than 18% of normal, whereas in juvenile rats, 6-day exposure between P14 and P20 reduced it to 50% compared with 27% after exposure between P28 and P34. An adultlike effect could only be evidenced in rats exposed at the end of the first postnatal month (P28-P34). A similar age-dependent effect was also noted on the electroretinogram. CONCLUSIONS. These results show that, compared with the mature retina, the developing retina appears to be relatively preserved from the devastating consequences of exposure to bright light. This window of resistance to light damage gradually weakens as the juvenile rat approaches its 1-month anniversary. (Invest Ophthalmol Vis Sci. 2006;47:3202-3212) 
N umerous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] have demonstrated the deleterious effects of exposure to bright light on adult retinas. Severity of the retinal damage depends essentially on four factors: the duration of the exposure, the intensity and the wavelength of the luminous environment, as well as the type of exposure (cyclical or chronic). Although each method used to generate this retinopathy has its own particularities, a general degenerative pattern can nevertheless be described. 10 Light damages are rhodopsin mediated and, thus, are initiated in the outer segments of the photoreceptors, where the light stimulus is transduced. 9 The first signs of degeneration are detected by electron microscopy as early as 1 hour after light exposure. [11] [12] [13] The lamellar structure of the saccules at the most external tip of the outer segments becomes disorganized, leading to membrane separation and vacuolization. The slender outer segments become rounded and then detach from the atrophied inner segments. Some pyknotic photoreceptor nuclei appear in the outer nuclear layer (ONL) along with anomalies, such as an increase in the number of lysosomes, in the retinal pigment epithelium. In the most extreme cases, the ONL completely disappears, whereas the inner nuclear layer (INL), the inner plexiform layer (IPL), and the retinal ganglion cell layer (RGC) of the retina do not appear to be affected. 10, 11, 13, 14 These structural alterations are also associated with functional losses. For example, after exposure to a constant light of 1700 lux for as few as 24 hours, 8-week-old rats showed almost complete abolition of the electroretinogram (ERG) response. This was accompanied by marked thinning of the ONL. 1, 2, 4, 15 The processes of light damage described here are those reported for adult animals. Little is known about juvenile rats exposed to the same bright light.
The development of the visual system (retinal neurogenesis and synaptogenesis) begins early in embryonic life and lasts until the first postnatal days of life. 16, 17 In rodents, the somas of rods and cones are already present at birth; in rats, retinogenesis is achieved near postnatal day (P)12. 16 In rats, rhodopsin is detectable for the first time at P7, and an ERG can be recorded at approximately P12. 18, 19 In a previous study, we showed that exposure to a bright, luminous environment before eye opening in neonatal rats caused only subtle functional and structural retinal damage (Joly S, et al. IOVS 2003; 44 :ARVO E-Abstract 1870). In comparison, adult rats subjected to the same luminous environment for as few as 6 days had a nearly abolished ERG, and their retinas were devoid of photoreceptors and ONL. These results suggest that the developing retina might benefit from relative immunity to exogenous stress agents such as bright light (Joly S, et al. IOVS 2003; 44 :ARVO E-Abstract 1870).
The purpose of this study was, therefore, to determine the consequences of chronic exposure to a bright, luminous environment, starting at eye opening, on the retinal structure and function of juvenile "suckling" rats. Our results suggest that the retina of the juvenile rat has remarkable resistance to light damage but that this gradually wears off by the end of the first month of life.
Laboratories, St-Constant, Quebec, Canada) were ordered at day 15 of gestation and were kept under a normal lighting environment of 80 lux (12 hours dark/12 hours light). During the exposure period, pups and their mothers (juvenile rats were all weaned at the end of the exposure) were put into clear polymethyl methacrylate cages and were exposed for 12 hours each day to a bright, luminous environment of 10,000 lux, as measured at the floor level of each of the cages with a light meter (IL 1700 Research; International Light, Newburyport, MA). The setup consisted of a dozen 48-inch long fluorescent tubes (Sylvania, 34 W, cool-white neon light; Mississauga, ON, Canada) covering the top and two sides of each cage. Rats were exposed from eyelid opening (P14) until P17 (n ϭ 11), P20 (n ϭ 4), and P28 (n ϭ 17) or from P20 to P28 (n ϭ 10) or P28 to P34 (n ϭ 10). After exposure, the rats were removed from the bright, luminous environment and were maintained in the normal lighting conditions of the animal care facility (12-hour dark/12-hour light at 80 lux) until P60. Similarly, adult female albino rats were also exposed to the same bright, luminous environment (12-hour dark/12-hour light at 10,000 lux) for 1 (n ϭ 9), 3 (n ϭ 3), 6 (n ϭ 4), or 14 (n ϭ 2) consecutive days or were kept as controls (n ϭ 10) in the normal lighting conditions of the animal care facility. Female rats were chosen so that the data they generated could be added to those obtained from the mothers that had been exposed with their pups. After exposure, the rats were returned to the normal luminous environment of the animal care facility. Control age-matched juvenile (n ϭ 30) and adult female (n ϭ 6) rats were raised under the normal luminous environment (12-hour dark/12-hour light at 80 lux) of the animal care facility.
Electroretinography
The ERGs were first recorded between P30 and P37 and were repeated at P60. For adult rats, ERGs were obtained once 1 month after the beginning of the light exposure. ERG recordings were performed according to a protocol previously reported. 20, 21 Briefly, after a 12-hour period of dark adaptation, rats were anesthetized, under dim-red light illumination, with intramuscular injection of ketamine (85 mg/kg) and xylazine (5 mg/kg). Pupils were dilated with drops of 1% cyclopentolate hydrochloride. The rats were then positioned, lying on their sides, in a recording chamber of our design 22 in which the top part housed the rod desensitizing background light and a photostimulator (PS 22; Grass Instruments, Quincy, MA). The ERGs were recorded with a fiber electrode (DTL; 27/7 X-Static silver-coated conductive nylon yarn; Sauquoit Industries, Scranton, PA) maintained on the cornea with 2% methylcellulose, which also prevented desiccation of the cornea. Reference (E5 disc electrode; Grass Instruments) and ground (E2 subdermal electrode; Grass Instruments) electrodes were inserted in the mouth and subcutaneously in the tail, respectively. Broadband ERGs (bandwidth, 1-1000 Hz; 10,000ϫ; 6-db attenuation; P-511 amplifiers; Grass Instruments) and oscillatory potentials (bandwidth, 100-1000 Hz; 50,000ϫ; 6-db attenuation) were recorded simultaneously with a data acquisition system (AcqKnowledge; Biopac MP 100 WS; Biopac System Inc., Goleta, CA). Scotopic luminance-response functions were obtained in response to progressively brighter stimuli spanning a 6 log-unit range (PS 22 photostimulator [Grass Instruments]; interstimulus interval, 10 seconds; average, 5 flashes; 0.3 log-unit increment; maximal intensity, 0.6 log cd ⅐ s/m 2 ). This was followed by the recording of the photopic (cone-mediated) signal (photopic background, 30 cd/m 2 ; flash intensity, 0.9 log cd ⅐ s/m 2 ; interstimulus interval, 1 second). The recording of the photopic responses was performed 20 minutes after the opening of the background light to avoid the previously reported light-adaptation effect.
23,24

Retinal Histology
At the end of the last ERG session (at P60), the rats were killed with anesthesia overdose followed by intracardiac perfusion of 3.5% glutaraldehyde in 0.067 M Sorensen phosphate buffer (pH 7.4). Eyes were enucleated and immersed for 1 hour in 3.5% glutaraldehyde. Corneas and lenses were then removed, and the remainder of each eye was fixed in 1% osmium tetroxide solution for 4 hours. After sequential dehydration in baths of 50%, 70%, 90%, 95%, and 100% ethanol, the specimens were embedded in Epon resin (Mecalab, Montreal, Canada). Semithin sections, 0.7 m thick, were mounted on glass slides and stained with 0.1% toluidine blue. Images were examined and captured with a 1300 monochrome 10-bit CCD camera (Retiga; QImaging, Burnaby, BC, Canada) mounted on a microscope (Eclipse E-600; Nikon, Tokyo, Japan) with image analysis software (Northern Eclipse; Empix Imaging Inc., Mississauga, ON, Canada). Except for the data shown (see Fig. 5 ), thicknesses of the retinal layers (measured with Image-Pro Plus Imaging Software; Media Cybernetics, Silver Spring, MD) were obtained from measurements made on eight retinal sections taken in the superior hemisphere of the retina (control juveniles, n ϭ 3; Amplitudes are given as mean (V) Ϯ 1 SD. Statistical analysis was performed with one-way ANOVA followed by post hoc Tukey test (* P Ͻ 0.001; † P Ͻ 0.01; ‡ P Ͻ 0.05) between controls and exposed rats at 30 and 60 days of age. Student t test was also used to compare control adults and adults exposed for 3 days ( § P Ͻ 0.05).
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P14-P20; n ϭ 3; P14-P28, n ϭ 4; P20-P28, n ϭ 3; P28-P34, n ϭ 3; control adults, n ϭ 4; adults exposed for 1 day, n ϭ 6; for 3 days, n ϭ 3; for 6 days, n ϭ 2; and for 14 days, n ϭ 2) because the superior retina was previously shown by others to be the most affected by exposure to bright light. 25 On each section, retinal layer thicknesses were measured in five randomly chosen sectors.
Data Analysis
Analysis of the ERG waveforms was performed according to standard practice. 20, 21, 26 The amplitude of the a-wave was measured from baseline to the most negative trough, whereas that of the b-wave was measured from the trough of the a-wave to the most positive peak of the retinal response. Peak times were measured from flash onset to peak. Scotopic luminance-response function curves were obtained by plotting the amplitude of the b-wave against the intensity of the flash used to evoke the response. From this curve, the V max value (maximum rod-mediated response) was defined as the amplitude of the b-wave measured when an a-wave appeared clearly on the ERG (e.g., a-wave threshold) and the (mixed) rod a-and b-waves referred to the ERG evoked to the highest flash luminance available. The amplitude of each oscillatory potential (OP) was measured from the preceding trough to the peak. OP amplitudes were reported as the sum of the OPs (SOPs; OP 2 ϩ OP 3 ϩ OP 4 ϩ OP 5 in scotopic conditions and OP 2 ϩ OP 3 ϩ OP 4 in photopic conditions). OP 1 was not included in the analysis because it is often difficult to identify. Statistical analysis was performed using one-way ANOVA and Tukey post hoc test (GraphPad Instat Software Inc., San Diego, CA).
RESULTS
Effects of Exposure to Bright Light on the Function of Adult and Juvenile Retinas
Representative scotopic and photopic ERG and OP responses obtained from adult and juvenile rats exposed or not to the In adults, 1-day exposure (Fig. 1B ) already caused significant (P Ͻ 0.001) reductions in mixed (rod-cone) a-and b-wave amplitudes to 31% and 41% of normal, respectively, compared with 48% (P Ͻ 0.001) for the rod V max . Similarly, the cone b-wave was also reduced to 64% of control amplitude (P Ͻ 0.05; Table 1 ; Fig. 2A ). Increasing the exposure to 3 consecutive days (Figs. 1C, 2A; Table 1 ) did not significantly add to the amplitude attenuation already measured after 1 day of exposure. The scotopic mixed (rod-cone) a-wave completely disappeared after 6 days of exposure to bright light (Fig. 1D) , whereas residual mixed (rod-cone) b-wave (6% of normal; Table 1 ) and photopic b-wave (14% of control, P Ͻ 0.001; Fig.  2A ; Table 1 ) could still be obtained after more than 14 days of exposure (Figs. 1E, 2A, arrows) .
Contrary to the reaction in adult rats, juvenile rats exposed to the same bright environment for 3 (P14 -P17 exposure interval) consecutive days did not develop significant ERG anomalies, irrespective of the ERG component considered (Figs. 1G, 2B, second tracing; Table 1 ; P Ͼ 0.05). Increasing the light exposure to 6 days (P14-P20; Fig. 1H ) reduced the amplitude of the mixed (rod-cone) a-and b-waves to 51% (P Ͻ 0.001) and 67% (P Ͻ 0.01) of control, respectively (Table 1) , but the rod V max and the cone b-wave (Fig. 2B) were not significantly attenuated. As the exposure interval lengthened, there was a gradual attenuation of the ERG signal (scotopic ERG, Figs. 1I-K; photopic ERG, Fig. 2B ; Table 1 ). After the longest exposure regimen tested (P14 -P28), the amplitude of the mixed (rod-cone) a-wave was less than 16% of normal whereas that of the mixed (rod-cone) b-wave, rod V max and cone b-wave were 44%, 48%, and 54% of normal, respectively (P Ͻ 0.001; Table 1 ). Interestingly, compared with adults exposed for 6 days to the bright, luminous environment, juvenile rats exposed for the same duration still produced ERG responses, albeit significantly smaller than normal. The extent of these reductions depended on the age at which the exposure started, as exemplified in Figure 1 and in Table 1 . For example, 6-day exposure between P28 and P34 generated significantly more severe retinopathy (according to ERG measurements) than that obtained after 6-day exposure between P14 and P20 (reductions to 3% and 51% of the control value for the a-wave and to 11% and 67% for the b-wave during P28 -P34 and P14 -P20, respectively). Similarly, 6-day exposure between P28 and P34 caused more severe retinopathy than that obtained after 8-day exposure between P20 and P28 (reduction to 17% of the control value for the a-wave and to 31% for the b-wave after P20 -P28 exposure). Irrespective of the duration of exposure (adults) or the exposure regimen considered (juvenile), scotopic ERGs were always significantly (P Ͻ 0.05; compare mixed rod-cone b-wave and cone b-wave measurements at Table 1 ) more attenuated than photopic ERGs, suggesting that rods are significantly more susceptible to brightlight insult and that this retinopathy mostly (or initially) affects rod function.
The oscillatory potentials (scotopic OPs, Fig. 1L ; photopic OPs, Fig. 2C ) were also affected after exposure to the bright, luminous environment. Six days of continuous exposure completely abolished the scotopic and photopic SOPs of adult rats (Table 1) , whereas there were gradual decreases in the amplitude of the scotopic (Fig. 1L ) and photopic OPs (Fig. 2C ) in juvenile rats, effects also measurable with the data found in Table 1 . However, for an equal duration of exposure, the OPs of juvenile rats were better preserved than those of adult rats (Table 1) . For instance, 3 days of exposure in adult rats reduced the scotopic and photopic SOPs to 50% and 83% of normal amplitude, respectively. Similarly, 6-day exposure between P14 and P20 reduced the rod SOPs to 71% of normal amplitude but had no measurable impact on the photopic SOPs, whereas 6-day exposure between P28 and P34 reduced the scotopic and photopic SOPs to less than 8% and 19% of normal amplitudes, respectively. Again, irrespective of the age of the rat, rod-mediated OPs were always significantly more affected than cone-mediated OPs.
Effects of Exposure to Bright Light on the Structure of Adult and Juvenile Retinas
In adult rats, all outer retinal layers rapidly and significantly decreased after as little as 1 day of exposure (outer segment [OS], 15% of normal; inner segment [IS], 14%; ONL, 32%; outer plexiform layer [OPL], 10%; P Ͻ 0.001; Figs. 3B, 4A ). Increasing the exposure to 3 days (Fig. 4A) did not significantly add to what was readily observed after 1 day of exposure, but increasing it to 6 days (Figs. 3D, 4A ) led to the complete disappearance of the OS, IS, and OPL. The ONL was reduced to 17% of normal (P Ͻ 0.001), a value that was further attenuated to 13% of control thickness after 14 days of exposure (Figs. 3E, 4A) . Layers below the OPL were never (except for a slight but significant increase in thickness of the ganglion cell layer [GCL] after 6 days of exposure) altered after exposure to the bright, luminous environment (Fig. 4A) . In juvenile rats, most of the damage resulting from exposure to bright light was also concentrated in the outer retinal layers. Although the thinning of the outer retinal layers (OS, IS, ONL, OPL) measured after the P14 to P20 exposure was not significantly enhanced (Figs. 3G, 4B ) with longer exposure intervals (P14 -P28, P20 -P28), a different picture emerged after the P28 to P34 exposure-the nearly complete destruction of all the retinal layers above the inner nuclear layer (Fig. 3J) . As indicated in Figure 4B , OS, IS, and OPL completely disappeared, but a residual (13% of normal thickness; P Ͻ 0.001) ONL remained. This roughly represented a one nucleus-thick layer, as illustrated in Figure 3J .
Results presented in Figure 4B also suggest that the more aggressive exposure regimens significantly increased the thickness of the INL. This phenomenon could not be attributed to the normal maturation process of the retina because, as illustrated in Figures 3K-M and Figure 4C , the thickness of the retina normally decreases as the rat ages. This was most noticeable for the ONL, OPL, INL, and GCL. In contrast, the OS lengthens during the same period, and the content of the ONL nuclei appears fragmented in rats aged 14 days (Fig. 3N ) compared with older rats (Fig. 3O) . As the ONL becomes thinner, so does the INL (Fig. 4C) , contrary to what is observed in retinas of juvenile rats exposed to the bright-light source (Fig.  4B) . To explore this further, we compared (Figs. 4D-E) the thickness of the ONL with that of the INL taken from the retinas of juvenile rats after the different exposure regimens (Fig. 4B) . Similar correlations were obtained from the data taken from the adult retinas ( Fig. 4A ; normal and exposed) resulting from the normal maturation of the juvenile rat retinas (Fig. 4C) . As expected from the data shown (Fig. 4C) , a high correlation coefficient associates the two events (Fig. 4E, solid  line) , indicating that as the juvenile retina matures, the thicknesses of both nuclear layers are reduced. This relationship was strikingly different from that evidenced by the data ob- tained from the juvenile rats exposed to bright light, in which the gradual thinning of the ONL appears to be "compensated" by a proportional increase in thickness of the INL. Again, the two events were highly correlated (Fig. 4E, dotted line) . A similar "compensation phenomenon" could not be documented with the adult (exposed) retina (Fig. 4D ) in which the thickness of the INL remained the same despite the progressive disappearance of the ONL, thus explaining the poor correlation coefficient obtained. Previous reports 25 have documented a regional difference in the reaction of the retina to bright light by which the superior (dorsal) retina was always significantly more affected (at histologic examination) than the inferior (ventral) retina. We examined whether a similar differential effect could also be documented in our juvenile rats (Fig. 5) . If one only takes into consideration the thickness of the ONL, a striking difference in reaction to light between the superior and inferior retinas clearly stands out. In adults, after 6 consecutive days of exposure, complete destruction of the superior ONL was observed (Fig. 5D) , but a two nuclei-thick ONL persisted in the inferior retina (Fig. 5H ) compared with 12.5 Ϯ 0.7 rows of nuclei in normal retina. In comparison, after exposure from P14 to P20, the superior ONL of the juvenile retina ( Fig. 5B ; also normally composed of 12 rows of nuclei) is reduced to 5.3 Ϯ 0.6 rows of nuclei (42% of normal) compared with 8.7 Ϯ 1.2 rows (70% of normal) for the inferior ONL ( Fig. 5F ; n ϭ 3; Student t-test, P Ͻ 0.05). Further reductions to 3.8 Ϯ 0.5 (30% of normal) and 6.5 Ϯ 0.6 (52% of normal) rows of nuclei for the superior (Fig.  5C ) and inferior ONL (Fig. 5G) , respectively (n ϭ 4; Student t test, P Ͻ 0.001), are obtained after the P14 to P28 regimen. The hemispheric difference in the kinetics of this light-induced retinal degeneration is summarized at Figure 5I , in which the numbers of nuclei in the inferior and superior ONL of juvenile (black squares) and of adult (white squares) retinas are compared. Each data point represents the cellular count obtained after light exposure of predetermined duration, as indicated numerically above each data point. Light-induced retinal degeneration was slower (i.e., lower slope value) in young (dashed line) than in older (solid line) retinas. Moreover, the y-intercept values reveal that a completely destroyed superior ONL corresponds to four layers of nuclei inferior to the ONL in the juvenile retina compared with approximately two rows of Statistical analysis was performed with one-way ANOVA followed by post hoc Tukey test comparing data obtained from all the exposure regimens with controls (*P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001) and Student t test ( †P Ͻ 0.05) between nonexposed adults and adults exposed for 3 days (A). Retina refers to thickness of the entire retina. (D, E) Correlation between the thicknesses of the ONL and the INL (m Ϯ 1 SD) of retinas obtained from exposed adult (A) and juvenile (B) rats after exposure to bright light (dotted line and square data points) and during development (solid line and triangular data points). Numerals next to each data point indicate the duration of exposure (in days) for adult (A) and juvenile (B, dotted line) rats or the age of the juvenile rat at the time the retina was excised (B, solid line).
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nuclei in the adult retina, stressing once more the increased resistance of the juvenile retina to the light-induced retinopathy.
Maturation of the Light-Damaged Retina
In a previous study (Joly S, et al. IOVS 2003;44:ARVO E-Abstract 1870), we presented ERG evidence suggesting that the retinopathy induced after postnatal exposure to a bright, luminous environment was degenerative rather than destructive. With time away from the end of the exposure period, the retinal potentials became more severely attenuated. To examine whether a similar trend could be observed in the present study, we devised the ERG maturation index parameter, which represents the ratio between ERG amplitudes measured at P60 compared with the same ERG component measured at P30 (i.e., P60/P30 ϫ 100%). Results from this data manipulation are illustrated in Figure 6 . As we showed previously, 20,21 the normal maturation of the rat retina (P30 -P60) is accompanied by a reduction in ERG amplitudes. For exposure regimens that were terminated before P28, the maturation indexes were similar (albeit smaller in most cases) to those measured in normal rats. In contrast, for exposure regimens that ended at or after P28 (especially P14 -P28, P20 -P28, and P28 -P34), the maturation indexes were significantly larger than those measured in normal rats, suggesting that the normal course of the retinal maturation process was significantly altered as a result of late postnatal exposure to a bright, luminous environment.
Our findings thus clearly suggest that compared with those of adult rats, the retinas of juvenile rats exhibit remarkable resistance to light damage. This is best summarized at Figure 7 , in which the effect of exposure to bright light on the structure (thickness of the ONL) and function (average of ERG parameters) of the adult (Fig. 7A) and juvenile (Fig. 7B) retinas are compared. Although in adult rats there is clear evidence of a dose-response effect (structure and function), the latter is less obvious in data obtained from the juvenile rat. In juvenile rats, 
DISCUSSION
Results presented here support the claim that after exposure to a bright, luminous environment, the retina of the juvenile rat is significantly less damaged (structure and function) than that of the adult rat retina. Of all the ERG components considered, the rod a-wave (adult and juvenile responses) is most affected by the intense luminosity of the environment (Table 1) , in agreement with a previous claim that light-induced retinopathy (LIR) is rhodopsin mediated. 9 The next most affected (juvenile and adult responses) are the rod b-wave, rod V max , and the cone b-wave, suggesting that the sequence of events leading to the full expression of this LIR is the same irrespective of the age of the rat. Unfortunately, for reasons that remain to be explained, rat retinas do not generate recordable photopic (cone-mediated) a-waves (Fonteille VL, et al. IOVS 2005;46:ARVO E-Abstract 2246). 27 Consequently, it is impossible, based on these data, to state whether the cone photoreceptor (structure, function, or both) itself is also directly impaired by the bright, luminous environment. However, the fact that the cone b-wave is significantly reduced strongly suggests that this might be the case, though an indirect effect (such as by way of the rod pathway) at the retinal site where the cone b-wave is generated (e.g., ON-depolarizing bipolar cells receiving rod and cone input 28 ) cannot be ruled out. We propose another possible mechanism.
Presumably, as a result of this gradual loss in photoreceptor cells, the OPL thins significantly (Fig. 4B) . No other retinal layers (of adult or juvenile retinas) were reduced as a result of exposure to the bright, luminous environment, suggesting that death of the photoreceptor cells alone explains the functional deficits (attenuation in ERG a-and b-waves and OPs) obtained after exposure. Conversely, our results also suggest that compared with those of the adult retina, photoreceptors of the juvenile rat retina are partially protected from the deleterious effects of bright light. This is in sharp contrast to previous results of ours obtained after the postnatal exposure to hyperoxia that showed the functional consequences (reduced bwave and OPs with spearing of a-wave) were tied to the specific alterations of the deeper retinal layers while the photoreceptor layer remained unaffected. 20, 21 Strikingly, rod and cone photoreceptors were not similarly affected by the bright, luminous environment; rods appeared to be more sensitive than cones to light damage. As shown in Figure 7B and Table 1 , cones required significantly more light (i.e., exposure of longer duration) than rods to yield equivalent b-wave reductions, supporting previous reports indicating that, at least in rodents, LIR is rhodopsin mediated, 6, 9, 29, 30 thus explaining the response discrepancy of rods and cones after exposure to bright light. If indeed light-induced retinal abnormalities (in structure and function) are rhodopsin mediated, how can we explain our demonstration of cone b-wave anomalies? Previous studies suggest that the degeneration of cones might be induced by the massive release of neurotransmitters or potentially toxic ions by the dying rods 31 or that it might be the consequence of the loss of some trophic supports usually provided by the rods. 31, 32 A rod-secreted surviving factor, the rod-derived cone viability factor (RdCVF), was recently identified in an in vitro model of rd mouse retina, supporting the latter concept. 33, 34 That the light-induced anomaly is observed fairly early in the process (rather than cone function starting to degenerate only when rod function is completely abolished) also supports this concept.
Comparative analysis of the recordings taken at P30 and at P60 revealed a small (but nonsignificant) enhancement (i.e., P30 amplitude measurements Ͼ P60 amplitude measurements) of the ERG anomalies evidenced at P30 (Table 1) for rats exposed before P28, suggesting that the retinopathy induced after light exposure (measurements taken at P30) could deteriorate with time (measurements at P60). Again, this is in sharp contrast to the oxygen-induced retinopathy in which recordings obtained at P60 were not different from those obtained at P30, with the only differences attributable to the normal maturation process. 20, 21 As illustrated in Table 1 and Figure 6 , during the normal maturation of the retina, there is a gradual decrease in amplitude of all the ERG parameters (rod a-and b-waves, rod V max , cone b-wave) such that the ERG amplitudes measured at P60 are significantly smaller than those measured at P30. This is consistent with previous reports that compared ERG responses taken at P30 and P60 in normal rats. 20, 21, 35 However, the exact reverse (i.e., P60 measurements Ͼ P30 measurements) was observed for exposure intervals including P28 and later (P14 -P28, P20 -P28, P28 -P34). It could be that the first ERG recording (i.e., between P30 and P37) was too close to the end of the bright-light exposure and, thus, the photoreceptors did not have sufficient time to partly recover from its possible reversible effect. 36 -38 Clearly, this phenomenon must be further investigated.
Our results also showed that the superior retina was more affected than the inferior retina after exposure to bright light (Fig. 5) , a finding consistent with previous reports obtained with the adult rat. 9,25,39 -41 Nevertheless, the kinetics of the LIR are much slower in juvenile rats than in adult rats (Fig. 7) , a feature that further distinguishes adult from juvenile LIR. Similarly, these kinetics are much slower in the inferior retina than in the superior retina (Fig. 5I) .
Finally, our results also demonstrated an interesting phenomenon of the juvenile rat retinas: progressive thinning of the ONL (resulting from the exposure) was accompanied by a gradual increase in thickness of the INL (Fig. 4D-E) , a phenomenon not observed when the adult retina was subjected to the same stress or during the normal maturation process of the FIGURE 7. Summary of findings illustrating the kinetics of the light-induced retinal degeneration in adult (A) and juvenile (B) rats. (A) In adult rats, the gradual loss in amplitude of the ERG parameter (average percentage of control of the mixed rod-cone a-and b-waves, photopic b-wave and rod V max ) and thickness of ONL (ordinate, percentage of control values) are plotted against the duration of exposure (indicated in days on the abscissa), whereas (B) in juvenile rats, it is plotted against the age at offset of exposure (in days on the abscissa). In juvenile rats, the duration of the exposure is indicated in days on top of each data point.
3210 Joly et al. IOVS, July 2006, Vol. 47, No. 7 retina. This could suggest a compensation phenomenon by which the INL would increase its synaptic contacts to amplify the lower signal generated by the impaired outer retinal layers to generate close to normal retinofugal output, a phenomenon that could only be evidenced when using a developing retina model. Of interest, we did not observe a similar compensation phenomenon with our model of oxygen-induced retinopathy. 20, 21 Supportive of this compensation hypothesis are previous studies reporting some neural remodeling after retinal degeneration, 3, 42 such as migration of RPE cells to the retina, hypertrophy and migration of Müller cells, and hypertrophy of the soma of horizontal cells. A similar remodeling process has been described in an animal model of retinitis pigmentosa, namely the rd/rd mutant mouse. 43, 44 The increase in thickness of the INL we observed in our model of light-induced degeneration could have followed one of the remodeling scenarios suggested here.
In summary, our results show that in contrast to the retina of adults, the retina of juvenile rats is relatively preserved from the deleterious effect of exposure to bright light exposure until approximately 1 month of age. Further investigations are necessary to determine the mechanisms at the origin of this endogenous resistance.
